Finally, specific V[8 + T cell deletion within the thymus following intrathymic injection of staphylococcal enterotoxin B (SEB) was TNF/LT independent. Thus, despite the presence of these cytokines and their receptors in the normal thymus, there appears no essential role for either TNF or LT in development of organ structure or for those processes associated with T cell repertoire selection.
INTRODUCTION
The thymus provides the microenvironment necessary for the development of T cells from lymphoid progenitor cells as well as for selective elimination of T cells that are potentially autoreactive. This process, termed negative selection, inhibits maturation of those cells expressing receptors reactive to self antigens and hence promotes the maintenance of self tolerance (Kisielow and von Boehmer, 1995) . Intrathymic negative selection involves active elimination of cells through the induction of apoptosis (programmed cell death) in negatively selected cells (Surh and Sprent, 1994 ). This appears to involve a signal through the TCR of the developing thymocyte in conjunction with second signal(s) which are as yet poorly defined (Page et al., 1993; Page et al., 1996) .
Both TNF and LT have a well documented role in the induction of apoptosis in general, inducing programmed cell death through signalling via the p55 TNF receptor (TNFRI) and LTI3R (Satin et al., 1995; Ware et al., 1995; Browning et al., 1996;  Nagata, 1997) . Several studies have demonstrated constitutive expression of TNF in the thymus in vivo (Giroir et al., 1992; Murphy et al., 1992; Wolf and Cohen, 1992; Deman et al., 1996) , moreover, the thymus was the only organ in which the TNF promoter was constitutively active (Giroir et al., 1992) . Similarly, LTc and LT3 are constitutively expressed in the thymus (Wolf and Cohen, 1992; Pokholok et al., 1995) , as are the TNF receptors TNFRI (p55) and TNFRII (p75) to which TNF and the LTc3 homotrimers bind (Ryffel et al., 1991 Tartaglia et al., 1991 Murphy et al., 1994) .
The receptor for the membrane bound LTo/13 complex, LT3R, has been shown to be highly expressed in thymic epithelial tissue (Ware et al., 1995) . TNF is produced by both immature and mature thymocyte subsets following stimulation in vitro (Fischer et al., 1991; Zlotnik et al., 1992) . Several studies have implicated a role for TNF in T cell differentiation and/or proliferation, at least in vitro. TNF has been implicated as an important stimulatory factor at several points of T cell differentiation Zuniga-Pflucker et al., 1995) . Conversely (Probert et al., 1993) . TNF expression also coincides with the ability of fibroblast antigen presenting cells to induce negative selection in vitro (Page et al., 1993) . Although many biological effects of TNF appear to occur via TNFRI, TNFRII appears to be both necessary and sufficient for at least some aspects of TNF mediated thymocyte stimulation (Tartaglia et al., 1991; Grell et al., 1998) . LTt/3 and TNF play an essential role as mediators of lymphoid organ ontogeny and maintenance of lymphoid structure (De Togni et al., 1994; Pasparakis et al., 1996; Koni et al., 1997; Korner et al., 1997; Cook et al., 1998) , at least in part through induction of B and T cell homing chemokines (Ngo et al., 1_999) .
Despite (Page et al., 1998) , while signalling via TNFRII may be maintained in TNFRI deficient mice (Pfeffer et al., 1993) and transgenic mice expressing soluble LT3R and TNFRI (Ettinger et al., 1998) . We hypothesized that TNF and/or LT, through effects on lymphoid ontogeny or through their capacity to induce apoptosis, may have an as yet unidentified function in thymic physiology/T cell development. To test this, we used previously described C57BL/6 mice with targeted disruption of the TNF, TNF/LTc (Korner et al., 1997) or LTot (Browning et al., 1993) . Thus, TNF/LTc -/-mice are completely LT and TNF-deficient, and not only lack lymph nodes and Peyer's patches (Eugster et al., 1996) (Table I) . (Godfrey et al., 1990) tTCR (Figure2) (Banks et al., 1995) . Thus, the TNF/LTc -/-thymuses were examined histologically to determine whether the increased thymic B cells were present as perivascular infiltrates. This was tested by double staining thymuses for blood vessel-associated connective tissue using MTS 16, which clearly identifies the outer border of perivascular spaces, and B cells using anti-B220. The increased frequency of B cells had no association with vasculature, but rather were localized in the thymic parenchyma (Figure 3 To determine the cytokine responsible for increased B cell numbers in the thymus of TNF/LTot -/-mice, the proportion of B220 + thymocytes was examined from mice deficient for either TNF (Korner et al., 1997) or LTot alone CD4-CD8-B220 + cells in TNF -/-thymuses was similar to that of WT thymuses whereas B220 + cells in LTc -/-thymuses were increased ( Figure 4 ) and similar to that observed in the TNF/LTt -/-thymus ( Figure 2 ). This analysis indicated that the lack of LTc rather than TNF was responsible for increased B cell numbers in the TNF/LT(z -/-thymus.
To determine whether the increased B cell numbers in the LT(z -/-thymus was due to the bone marrow-derived lymphoid component, or to some defect in the thymic stromal elements in the absence of LTt, (Woodland and Blackman, 1993) . Intrathymic injection was used because systemic treatment with SEB can lead to non-specific deletion of thymocytes (Lin et al., 1992) , possibly due to the increased levels of TNF that follows activation of peripheral T cells. Similar, TNF-mediated, non-specific deletion of non-TCR transgenic DP thymocytes has been reported following peptide-specific stimulation of i.v. adoptively transferred TCR transgenic T cells (Martin and Bevan, 1997 Zuniga-Pflucker et al., 1995) (Godfrey and Zlotnik, 1993) , leading to an increase in B cell differentiation from early thymocyte precursors. However, thymic B cells are normally considered to be B1 type cells (CD5+), whereas the increased B cells detected in the present study more closely resembled conventional B2 type cells, as found in spleen and lymph nodes (Miyama-Inaba et al., 1988 ). An alternative possibility therefore is that LTt is important in controlling the trafficking or proliferation of peripheral B cells that have found their way to the thymus. A more mundane explanation is that the three-fold increase in circulating leukocytes seen in LTt -/-mice (Banks et al., 1995; Riminton et al., 1998) may simply lead to a spill-over of B cells (and monocytes, Figure 2 ) into the thymus. Perivascular accumulations of lymphocytes are seen in some tissues in LTt -/-mice (Banks et al., 1995) . Notably however, the B cells were not localized to the perivascular space, but deeper within the tissue (Figure 3) Our results clearly demonstrated the rapid deletion of many SEB-reactive thymocytes within 20 hours of exposure to this superantigen. This included both less mature DP thymocytes (not shown) but was more apparent in the CD4 and CD8 SP thymocyte subsets, due to the significantly higher levels of TCR expression in this compartment. Although early studies had suggested that most negative selection occurs at the DP stage rather than the SP stage of T cell development (Kisielow and von Boehmer, 1990) , this is clearly not absolute (Surh and Sprent, 1994; Kishimoto and Sprent, 1997; Kishimoto et al., 1998 (Sedgwick et al., 1993 .
